Purpose: To report the clinical, histopathologic, microbiologic, and confocal microscopic features of Candida keratitis after deep anterior lamellar keratoplasty (DALK).
F ungal keratitis in developed countries accounts for ,5% of microbial keratitis and ;10%-15% in developing countries. 1 Fungal keratitis after penetrating keratoplasty is uncommon but may result from contaminated donor material or late inoculation in the presence of epithelial defects, sutures, and topical corticosteroids. 2 In a study by Keyhani et al, 3 the incidence of rim cultures positive for fungi was 8.6%, all of which were Candida species, but the overall incidence of fungal infection after penetrating keratoplasty was only 0.16%. 3 Infection of the preexisting epithelial defects is caused primarily by the indigenous microflora of the conjunctiva and adnexa, predominantly Candida species. Concurrent administration of topical corticosteroids enhances the replication of Candida through suppression of the host inflammatory response. 2 Confocal microscopy is a relatively new, noninvasive technique for imaging the cornea in normal and diseased states. 4 It may detect hyphal elements within the stroma. 5 The imaging of Aspergillus keratitis in a rabbit eye and Aspergillus and Fusarium keratitis in human eyes by confocal microscopy has been reported. [5] [6] [7] [8] This article is, to our knowledge, the first report of post-deep anterior lamellar keratoplasty (DALK) Candida keratitis caused by 2 different Candida species with different clinical, confocal, histopathologic, and microbiologic features.
CASE REPORT

Case 1
A 21-year-old man underwent DALK in the right eye for keratoconus, with no complications during and for a few weeks after surgery. His personal hygiene was fairly good, and he had no other medical history. After surgery, he was treated with a topical steroid (betamethasone eye drop 0.1%) 3 times a day. Two months after surgery, scattered white-to cream-colored deposits appeared at the corneal interface region on slit-lamp biomicroscopy ( Fig. 1 ), but the patient remained symptom free. On confocal scan, there were distinct clusters of hyperreflective granular deposits measuring 3-5 mm in diameter at the interface (Fig. 2 ). No evidence of inflammation, epithelial, or hyphaelike structures was found. The patient was on topical steroids because of clinical suspicion of possible ''epithelial downgrowth,'' but the lesions progressed and inflammatory signs developed later. Irrigation of the interface was performed, but because of a rupture of Descemet membrane, penetrating keratoplasty was done. The irrigation fluid and the corneal button were sent for microbiologic and histopathologic evaluation, respectively. Histopathologic examination of the hematoxylin and eosin-stained sections showed clusters of round-to oval-shaped eosinophilic structures measuring 3-5 mm in diameter at the posterior cornea (the interface region), with no evidence of inflammatory cell infiltrates ( Fig. 3 ). The structures showed positive staining with periodic acid-Schiff (PAS), Gram, and Grocott but negative with modified Ziehl Neelson. The microbiologic results verified infection with C. glabrata. Treatment with antiyeast therapy including topical amphotericin B every an hour, intracameral amphotericin B, and oral ketoconazole 400 mg daily was started. The grafted cornea is clear thus far, with no evidence of recurrence. The recipient of the donated fellow cornea had a clear cornea after penetrating keratoplasty.
Case 2
DALK was performed for keratoconus in the left eye of a 25year-old man. He had fairly good personal hygiene and no other medical history. The surgeon, surgical center, and the date of surgery in this case were different from those in case 1. The patient was on a topical steroid (betamethasone eye drop 0.1%) 4 times a day, but 2.5 months after surgery, he presented with left ocular pain and redness. On slit-lamp biomicroscopy, there was infiltration of the inferior interface close to the suture site, together with regional vascularization. Confocal scan revealed clusters of high-contrast round structures measuring 25-30 mm in diameter at the interface area together with regional haze and resembling epithelial cells ( Fig. 4 ). No hyphaelike structures were found. Focal exudative areas with infiltration of possible polymorphonuclear cells of high-contrast segmented nuclei were also noted at the subepithelial regions. The topical steroid was continued from the clinical suspicion of possible ''epithelial downgrowth.'' Finally penetrating keratoplasty was performed because of a lack of response to the medical therapy and the clinical suspicion of fungal keratitis, when leakage of the inflammatory exudates was seen through the suture sites to the surface epithelium. Half of the cornea in normal saline and the other half in 10% formalin were sent to the microbiology and histopathology laboratories, respectively. Histopathologic examination revealed areas of severely intense acute and chronic inflammatory cell infiltrates together with scattered multinucleated giant cells, especially at the posterior cornea, where clusters of PAS-( Fig. 5) and Grocott-positive yeastlike structures with evidence of budding were noted. The structures were also seen within the surface epithelium. The microbiologic results of the corneal culture in Sabouraud medium and a positive germ tube test disclosed infection with C. albicans. The patient was on antifungal therapy including Natamycin eye drops 5% every an hour and oral ketoconazole 400 mg daily since the postoperative date. The treatment regimen was not changed after verifying the Candida infection because of severe corneal vascularization and no evidence of recurrent infection. The visual acuity of the involved eye is now hand motion. The recipient of the donated fellow cornea has a clear cornea after penetrating keratoplasty as indicated by the postoperative eye bank reports.
DISCUSSION
Fungal keratitis may uncommonly occur after penetrating keratoplasty. Corneal transplantation is one of the main risk factors for Candida keratitis, and concurrent administration of topical steroids increases the risk of the infection. Postcorneal graft Candida infection may occur because of donor corneal contamination or infection of preexisting epithelial defects by the indigenous microflora of the conjunctiva and the ocular adnexa. 2 Al-Assiri et al 9 reported late-onset donor-to-host transmission of C. glabrata after penetrating keratoplasty in a 69year-old man, which was proven by the culture-positive donor tissue. Sutphin et al 10 also reported donor-to-host transmission of C. albicans after penetrating keratoplasty in a 15-year-old boy who developed keratitis and a lenticular abscess 26 days after surgery. C. albicans was cultured from the donor rim, and the recipient cornea and DNA profiles were identical for both isolates; this finding confirmed the donor as the source of the infection. Unfortunately, donor rim culture had not been performed in our patients, thereby confirming that the transmission of the infection from donor to host was not possible, although it is a possibility that should not be disregarded. There was no evidence of keratitis or persistent epithelial defect in the donated fellow cornea after penetrating keratoplasty.
Early involvement of deep stroma in our cases rather than at the incision or suture track would suggest that the microorganisms were inoculated intraoperatively. The possibility of the transmission of the infection from recipient's adnexal microflora to the grafted cornea should be regarded, especially when the fellow donor cornea in each case did not develop keratitis. Furthermore, continuance of topical steroids in our cases is another important postoperative risk factor for developing Candida infection.
Fungal keratitis has occurred after keratorefractive surgeries [11] [12] [13] either by intraoperative inoculation through contaminated instruments or subsequent introduction through an epithelial defect. Muallem et al 14 reported a case of bilateral Candida parapsilosis interface keratitis after laser in situ keratomileusis. To our knowledge, there are no previous published articles regarding post-DALK interface Candida keratitis. This article is the first report on post-DALK Candida interface keratitis caused by 2 different Candida species with different clinical, confocal, histopathologic, and microbiologic features.
Interface keratitis with C. glabrata in case 1 presented as clusters of hyperreflective granular deposits 3-5 mm in diameter at the interface region on confocal microscopy and with no evidence of hyphae formation (Fig. 2) . The size and the appearance of these refractile objects on confocal scan were similar to the characteristic microscopic features described for C. glabrata, as small spherical and tightly compacted blastoconidia measuring 2-5 mm in diameter and without pseudohyphae or hyphae formation. 15 The confocal features of C. albicans in case 2 were high-contrast round structures measuring 25-30 mm in diameter at the interface region and with no evidence of hyphaelike structures (Fig. 4) . The structures were initially misinterpreted as epithelial-like structures before clarification of microbiologic results of the related corneal button. This postponed correct diagnosis and proper treatment. The size and the appearance of these structures on confocal scan were almost parallel to the round thick-walled chlamydospores characteristically seen in C. albicans under light microscopy. 15 In this report, 2 different species of Candida induced 2 different forms of post-DALK interface keratitis with different clinical, confocal, microbiologic, and histopathologic features. The yeast size and appearance of C. glabrata were markedly different from those of C. albicans on confocal scan and histopathologic and microbiologic examinations. Furthermore, the former induced no distinct corneal inflammation compared with C. albicans.
Brasnu et al 16 reported a patient with C. albicans keratitis and a C. albicans-contaminated donor cornea with many high-contrast elongated particles measuring 10-40 mm in length, 5-10 mm in width, and resembling Candida pseudofilaments on confocal microscopy. There was no case of C. glabrata in their article. The confocal scan of case 2 in our report revealed clusters of high-contrast round structures measuring 25-30 mm in diameter at the interface area ( Fig. 4 ). There was no evidence of pseudofilament formation in our case, which might be explained by the location of the yeasts in the potential space of the corneal interface compared with their location in a corneal ulcer.
In conclusion, different species of Candida in post-DALK interface keratitis may induce different clinical and confocal scan features, which may be similar to those seen in the ''epithelial downgrowth.'' The risk of infection was augmented by concurrent administration of a topical steroid. Candida keratitis should, therefore, be considered in cases of interface deposits after any form of lamellar keratoplasty.
